The differential diagnosis of lateral ventricular tumors was explored by retrospective analysis of 47 pathologically proved cases identified by CT and{or MR imaging. Third ventricular tumors adjacent to the foramen of Monro (e.g., colloid cysts) were excluded. Forty-six patients underwent CT, and eight had MR imaging. The most common neoplasms were choroid plexus papilloma (10 cases) and meningioma (nine cases). Other common neoplasms included subependymoma (six cases), subependymal giant cell astrocytoma (five cases), and metastasis/lymphoma (four cases). Important features for differential diagnosis included age of the patient, the tumor's location within the lateral ventricle, and density on CT before IV administration of contrast material. Fifty percent of the tumors were in the ventricular atrium. All intraventricular tumor types (except subependymoma) showed contrast enhancement. MR was most useful in evaluating tumor location, size, and extent, but it did not help in eliminating alternative diagnoses.
Lateral ventricular neoplasms are easily detected with CT and MR. Previous studies of the radiologic appearance of intraventricular tumors have been based on histologic type alone (1) (2) (3) . This study of 47 lateral ventricular neoplasms by CT andjor MR correlates imaging characteristics of these lesions with patients' ages and the specific location of the tumor within the lateral ventricle . We think that this approach improves the accuracy of the preoperative diagnosis.
Materials and Methods
Forty-seven cases of lateral ventricular neoplasms with cross-sectional imaging studies were found in the 1978-1988 neuroradiology archives. The radiologic, histologic, and clinical data of these cases were reviewed retrospectively . Tissue was derived by needle biopsy (three cases), open biopsy (40 cases), or autupsy (four cases). All pathologic cases were reviewed at the Armed Forces Institute of Pathology (AFiP), and all these diagnoses we re confirmed. Tumors were considered to be within the lateral ventricle only if radiologic studies showed that the lesion was predominantly intraventricular with little extraventricular extent or that the lesion arose from within the lateral ventricle. Primary or metastatic neoplasms that appeared largely parenchymal and had some lateral ventricular extension were not included in this study.
CT scans, both unenhanced (39 of 46 cases) and enhanced (42 of 46 cases) , were examined to determine the location and size of each tumor. Additionally , the neoplasm 's morphologic characteristics were evaluated, including unenhanced CT appearance , degree of enhancement, and the presence of calcification or cystic change.
MR studies were available in 1 0 patients. These studies were evaluated for the signal characteristics on T1-weighted , T2-weighted , and either proton-density-weighted or inter-AJNR:11 , MayfJune 1990 mediate images . Contour, appearance, and specific tissue-signal characteristics , such as fat or hemorrhage , were evaluated . MR was compared with CT in nine cases to assess its usefulness in predicting tumor histology and for any potential advantage of MR in showing more clearly the anatomic extent of disease.
The data were tabulated for rad iologic features, specific location of the tumor within the lateral ventricle, and patients' ages. Lateral ventricu lar masses were localized to three geographic regions: the trigone , the foramen of Monro , and the body of the lateral ventricle. An algorithm for the differential diagnosis was developed on the basis of the patient's age at presentation and the location of the tumor within the lateral ventricle. Age categories included young children (0-5 years) , older children and young adults (6-30 years) , and older adults (> 30 years).
Results
The numbers of males and females were approximately equal in all tumor categories, including meningioma ( Table 1 ) . The natural age grouping of the tumors is shown in Table 2 and Fig . 1 . 
Young Children (0-5 Years)
Location.-ln young children , there were 12 tumors : nine choroid plexus papillomas (CPPs) , two primitive neuroectodermal tumors (PNETs) , and one teratoma (Figs. 2 and 3 ) . All but one of all CPPs occurred in this age group, and PNET and teratoma occurred exclusively in children less than 1 year old. All masses in the trigone were CPPs, and all the CPPs occurred in the trigone except two (one arose in an older child in the foramen of Monro, and one in the younger group occurred in the body of the lateral ventricle) . No lesions occurred in the foramen of Monro in this age group. The PNETs and teratoma diffusely involved the body of the lateral ventricle .
CT appearance.-AII but one of the lesions studied by CT were hyperdense on noncontrast CT. The CPPs tended to enhance in a more uniform and intense pattern (eight of nine) than did the teratoma or the PNETs. Calcification was present in the teratoma , the PNETs, and five of the eight CPPs studied. Cystic changes were present in the teratoma , the PNETs, and four of the eight CPPs studied. Years) Location.-There were 15 tumors in this age group, two of which usually occur in either the older or younger age range . One CPP (of the foramen of Monro) occurred in this age group, and one intraventricular meningioma occurred in the foramen of Monro of a 22-year-o/d woman with multiple meningiomas. Of the remaining 13 tumors , all were /ow-grade gliomas, including five subependymal giant cell astrocytomas (SGCAs), three pilocytic astrocytomas, two oligodendrogliomas, two ependymomas, and one mixed glioma (Figs. 4 and 5) . The SGCAs occurred in only one location (the foramen of Monro), and the mixed glioma occurred in the body of the lateral ventricle . The pilocytic astrocytomas, oligodendrogliomas, and ependymomas occurred at two different sites each .
Older Children and Young Adults
CT appearance.-The degree of enhancement, calcification , and presence of cystic changes were generally variable Note.-CPP = choroid plex us papilloma; PNET = primitive neuroectodermal tumor; SGCA = subependymal giant cell astrocytoma. 
F. of MONRO AGE DIAGNOSIS(#)

0-5 none 6 -30 SGCA (5)
Pilocytic Astrocytoma (2) CPP (1) Meningioma (1) Oligodendroglioma ( 
BODY AGE DIAGNOSIS (#)
0-5 PNET (2)
Te ratoma ( 1) CPP (1) 6-30 Ependymoma (1) Pilocytic Astrocytoma (1) Mixed Glioma (1) >30 Subependymoma (6) GBM (2) Me tastasis (1) Lymphoma (1) 
TRIGONE DIAGNOSIS(#) CPP (B) >30
Meningioma (8) A, Noncontrast CT scan reveals marked enlargement of tem poral horns and ballooning of third ventricle into suprasellar cistern (arrow). 8 , A large round mass (arrow) is present in left trigone of lateral ventricle on this noncontrast CT scan. C, After IV administration of contra st material, t here is striking enhancement of mass. Mass is attached to choroid plexus (arrow). within each histologic subtype and nonspecific in differentiating one subgroup from another. However, SGCAs tended to be partially calcified (four of five studied) and hyperdense (four of five) on noncontrast CT. All five enhanced homogeneously. Cystic changes (areas of homogeneous low density) were present in the two pilocytic astrocytomas , both ependymomas , and two of the five SGCAs studied . Calcification was a feature of both ependymomas and of four of the five SGCAs studied. All tumors showed some degree of enhancement. Homogeneous enhancement was found in all five SGCAs, the meningioma, the CPP , both oligodendrogliomas , and the mixed glioma. Heterogeneous irregular enhancement was found in all three pilocytic astrocytomas and both ependymomas .
Older Adults (> 30 Years)
Location.-Twenty lesions were found in this age group.
All eight lesions occurring in the trigone were meningiomas. (Meningiomas did not occur outside the trigone region in any patient with a solitary lesion .) No other histologic types occurred primarily in this region . The body of the lateral ventricle was the site of all six subependymomas (Figs. 6 and 7) . Most (five of six) occurred toward the frontal horn, and the sixth CT appearance.-The only nonenhancing neoplasms in this group were subependymomas (three of four). All other neoplasms generally showed homogeneous enhancement (all six meningiomas and five of six malignant tumors , including glioblastoma multiforme [GBM] , lymphoma, and metastasis). Calcification was present in four of six meningiomas and one of three subependymomas evaluated by noncontrast CT. A cystic appearance was present in two of these subependymomas and in one of the two GBMs.
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MR Results
MR images were obtained in 10 patients. As with CT results, the signal characteristics were neither specific nor characteristic. No neoplasm contained areas characteristic of fat or hemorrhage. All but one of the 10 neoplasms were hyperintense (as compared with white matter) on the protondensity-weighted and T2-weighted images. On the T1-weighted images, the tumors were usually hypointense or isointense with white matter (Figs. 3, 5, 6, and 7) . However, in six of nine cases , MR was superior to CT in defining a tumor as intraventricular (Figs. 5 and 7) . Furthermore, the full extent of the neoplasm was more clearly shown on MR. In no case was CT better than MR at localizing or defining the extent or spread of tumor.
Discussion
Intraventricular neoplasms are uncommon CNS masses, representing on ly 10% of all neoplasms [4) . Previous studies of intraventricular neoplasms categorized by histologic types have shown consistent trends in tumor location and in the age of the patient at presentation [1] [2] [3] . Within the lateral ventricle, specific regions can be identified as sites of predilection for each particular tumor. As we tabulated the data, we found that these tumors tended to occur in natural agerelated groupings. The CT density and morphology characteristics were nonspecific in terms of the patients ' ages or tumor location. MR signal intensity patterns were equally unhelpful in predicting tumor histology, although MR was better than CT in defining tumor location and extent of disease. From our data, we suggest the algorithm shown in Figure 8 and described in detail in the following sections.
Young Children (0-5 Years)
In children less than 12 years old , many CNS neoplasms are infratentorial [5 , 6) . However, in the first year of life and possibly in the first 3 years , supratentorial lesions are more common [6, 7] . Many of these arise within the lateral ventricles and in the third ventricle [1 , 7] . Several articles have discussed the differential diagnosis and CT findings of fourth ventricular masses in children [8] [9] [10] [11] [12] . Lateral ventricular neoplasms in children less than 5 years old are usually choroid plexus papillomas (CPP) (Figs. 2 and 3) or choroid plexus carcinoma , as has been previously noted [1 , 2, 7] . Studies indicate eight of 10 arise within the atria of the lateral ventricles [1-3 , 7] . In a young child , the CT features of an isodense or hyperdense mass in the trigone , which enhances with administration of contrast material , are characteristic of CPP . Typically , CPP also causes asymmetric hydrocephalus , which is more marked proximal to the obstructing mass [3, 4, 13] . However, enlargement of CSF spaces , ventricles , and cisterns that were not mechanically obstructed by the tumor was seen in eight of 1 0 CPP cases. This feature, suggesting overproduction of CSF or a resorption defect, was not found in any other tumor.
The only other types of tumor seen in this age group were PNET and teratoma. These occurred in children who were less than 1 year old . Both these tumors primarily filled the body of the lateral ventricles and did not arise from within the trigone. Other than location and enlargement of CSF spaces , the CT characteristics of these tumors were not significantly distinguishable from the CT characteristics of CPP (i .e. , an isodense or hyperdense mass that enhanced after IV administration of contrast material).
Older Children and Young Adults (6-30 Years)
I
In this age group, the most common histology was lowgrade glioma. Previous studies [1] [2] [3] have shown glioma to be one of the most common lateral ventricular tumors , although an exact histologic type was not always stated. In our series, the most common histologic subtypes were SGCA (n = 5) and pilocytic astrocytoma (n = 3). We were somewhat 
surprised that only two ependymomas of the lateral ventricle were present, although this finding is consistent with earlier series [1] [2] [3] . Ependymomas, when supratentorial, are more likely to arise intraparenchymally rather than in an intraventricular location (by a ratio of 4 or 5 to 1) [14, 15] . The usual supratentorial intraventricular location for ependymoma is within the trigone or body of the lateral ventricle [2 , 3, 14, 15] . The locations and appearances of the SGCAs in our series were consistent with other studies [16] [17] [18] . Another subgroup of low-grade gliomas , oligodendroglioma (two found in our study), may rarely arise in the lateral ventricles [3, 19, 20] . Three of the lateral ventricular neoplasms arising in patients less than 30 years old were pilocytic astrocytomas. These tumors have previously been called "spongioblastomas" or "cystic low-grade astrocytomas " [21, 22] . The importance of recognizing this type of lesion is that total extirpation of the enhancing nodule results in a good prognosis or cure [21, 22] .
Older Adults (>3 0 Years)
Meningioma is the most common tumor of the atrium in this age group, and it has a typical appearance [1-3 , 23-25] . Intraventricu lar meningiomas usually arise in the trigone of the lateral ventricles [23] [24] [25] [26] ; exceptions include meningiomas of the foramen of Monro, where 12% of intraventricular meningiomas have been found to arise [23 , 25] .
Outside of the trigone , tumors in these patients were more likely to be malignant (either primary or metastatic), especially if the lesion showed contrast enhancement [2, 3] . The only consistently nonenhancing tumors in the body or the foramen of Monro were subependymomas. Supratentorial subependymomas were found in this group; most subependymomas occur in the fourth ventricle, and less frequently they arise in the third ventricle, the septum pellucidum , or the walls of the lateral ventricle [27 -30] . The average age of subependymoma patients depends on whether they are symptomatic (average age , 39) or asymptomatic (average age , 59) at the time of diagnosis [27] . Although some studies confirm these neoplasms in the older age group [1 , 27, 28] , as did our study, others have indicated their occurrence in a slightly younger age group [29, 30] . Other confusing features of subependymomas are their morphologic characteristics on noncontrast and contrast CT. Our cases were generally hypodense or isodense with minimal to no enhancement, which is consistent with some other studies [1 , 27, 28] . However, other reports suggest that subependymoma is an enhancing lesion [29 , 30] . Foci of cystic changes in subependymoma are common [27] [28] [29] [30] (Fig. 6 ).
Conclusions
In summary, lateral ventricular neoplasms are uncommon. The focus of the differential diagnosis can be narrowed considerably by knowing the patient's age and the exact location of the tumor within the ventricles. Some neoplasms have characteristic CT findings that may suggest the diagnosis, given the appropriate tumor location and age group. MR was more useful in showing the location and extent of disease but did not add to the specificity of the differential diagnosis. The differential diagnosis of lateral ventricular neoplasms, like that of the third and fourth ventricle tumors, is best determined by consideration of the patient's age , exact intraventricular location of the tumor, and CT appearance with and without contrast material.
